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Description 

[0001] This invention relates to the use of excipients to stabilize both dry and aqueous formulations of polypeptides 
treated with organic solvents. 

5 [0002] Pharmaceutical preparations of polypeptides are sensitive to denaturation and degradation upon formula- 
tion and storage. Polyols have been used to stabilize proteins and other macromolecules in aqueous formulations and 
in air drying or lyophilizatlon from aqueous solutions. 

[0003] U.S. 4,297,344 discloses stabilization of coagulation factors II and VIII, antithrombin III. and plasminogen 
against heat by adding selected amino acids such as glycine, alanine, hydroxyproline^. glutamine, and aminobutyric 
10 add, and a cartwhydrate such as a monosaccharide, an oligosaccharide, or a sugar alcohol. 

[0004] European Patent ApplicaUon Publication No. 0 303 746 discloses stabilization of growth promoting hor- 
mones with polyols consisting of non-reducing sugars, sugar alcohols, sugar acids, pentaerythritol, lactose, water-sol- 
uble dextrans, and Ficoll. amino acids, polymers of amino acids having a charged side group at physiological pH. and 
choline salts. 

15 [0005] European Patent Application Publication No. 0 193 917 discloses a biologically active composiUon for slow 
release characterized by a water solution of a complex between a protein and a carbohydrate. 
[0006] Australian Patent Application No. AU-A-30771/89 discloses stabilization of growth hormone using glycine 
and mannitol. 

[0007] U.S. 5,096,885 discloses a formulation of hGH for lyophilization containing glycine, mannitol, a non-ionic 
20 surfactant, and a buffer. 

[0008] The use of polyethylene glycols to stabilize proteins is reviewed in Pharm. Res . 8:285-291 , 1 991 . 

[0009] Examples of the use of trehalose and other polyols for the stabilization of proteins during drying in aqueous 

systems include the following. 

[0010] U.S. 4,891 ,319 discloses the preservation of sensitive proteins and other macromolecules in aqueous sys- 
25 terns by drying at ambient temperatures and at atmospheric pressure in the presence of trehalose. 

[0011] U.S. 5,149,653 discloses a method of preserving live viruses in an aqueous system by drying in a frozen 
state or at ambient temperature, in the presence of trehalose, 

[0012] Polyols have also been used to stabilize dry dmg formulations as. for example, in WO 8903671 , filed May 5, 
1989, which discloses the addition of a stabilizer such a gelatin, albumin, dextran, or trehalose to a mixture of a finely 
30 powdered drug suspended in an oily medium. 

[0013] Treatment of a polypeptide with an organic solvent such as methylene chloride poses the problem of dena- 
turation of the polypeptide of interest. Thus, it is an object of this invention to provide a method for stabilizing polypep- 
tides in aqueous formulations treated with organic solvents. 

[0014] It is another object of the invention to stabilize dry polypeptides treated with organic solvents. 
35 [001 5] It is another object of the invention to provide a method for stabilization of encapsulated polypeptides. 

[0016] It is another object of the invention to provide a polypeptide stabilized by an excipient for use in a controlled 
release formulation, wherein the polypeptide is treated with an organic solvent. 

[0017] EP-A-0251 476 discloses an active agent delivery system for the controlled administration of macromolecu- 
lar polypeptides which comprises a micro-suspension of water-soluble components in a polyactide matrix. Exemplified 
40 are a microsuspension of HulFN-p, HSA and dextrose in a solution of polylactide in acetone and an emulsion of an 
aqueous solution of HulFN-p, HSA and dextrose and polylactide dissolved in methylene dichloride, and controlled 
release devices made therefrom. 

[0018] EP-A-0256 726 discloses a microcapsule containing TRH. its analog or a salt thereof and a method of pro- 
ducing the same which attains the release of the active ingredient stably for a prolonged period of time with high rates 
45 of incorporation of the active ingredient thereinto and with little possibility of excessive initial release or burst. 

[0019] WO87/05300 discloses a process for preserving a material having water-dependant structure comprising 
contacting the material with an aqueous solution of a polyhydroxy compound then removing water from the material. A 
preferred polyhydroxy compound is trehalose. 

[0020] One aspect of the invention is a method of stabilizing a polypeptide against denaturation when treated with 
50 an organic solvent, wherein the method comprises admixing the polypeptide with trehalose. 
[0021] Another aspect of the invention is a method of formulating a polypeptide comprising 

a) admixing the polypeptide in an aqueous solution with trehalose; and 

55 b) treating the polypeptide in the aqueous solution with an organic solvent. 

[0022] Another aspect of the invention is a method of formulating a dry polypeptide for controlled release compris- 
ing 
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a) admixing the polypeptide with an excipient. wherein said excipient is trehalose; and 

b) treating the product of step a) with an organic solvent. 

5 [0023] Another aspect of the invention Is a composition for controlled release of a polypeptide comprising a 
polypeptide admixed with an excipient. the excipient being trehalose, 

wherein the polypeptide admixed with the excipient Is treated with an organic solvent and is encapsulated in a 
polymer matrix. 

10 DETAILED DESCRIPTION OF THE INVENTION 

A. DEFINITIONS 

[0024] The term "polyol" as used herein denotes a hydrocarbon including at least two hydroxyls bonded to carbon 
15 atoms. Polyols may include other functional groups. Examples of polyols include sugar alcohols such as mannitol and 
trehalose, and polyethers. 

[0025] The term "polyether" as used herein denotes a hydrocarbon containing at least three ether bonds. Poly- 
ethers may Include other functional groups. Polyethers include polyethylene glycol (PEG). 

[0026] The term "dry polypeptide" as used herein denotes a polypeptide which has been subjected to a drying pro- 

20 cedure such as lyophilizatlon such that at least 50% of moisture has been removed. 

[0027] The term "encapsulation" as used herein denotes a method for formulating a therapeutic agent such as a 
polypeptide into a composition useful for controlled release of the therapeutic agent. Examples of encapsulating mate- 
rials useful In the instant Invention Include polymers or copolymers of lactic and glycolic acids, or mixtures of such pol- 
ymers and/or copolymers, commonly referred to as "polylactides." 

25 [0028] The term "admixing" as used herein denotes the addition of an excipient to a polypeptide of interest, such 
as by mixing of dry reagents or mixing of a dry reagent with a reagent in solution or suspension, or mixing of aqueous 
formulations of reagents. 

[0029] The term "excipient" as used herein denotes a non-therapeutic agent added to a pharmaceutical composi- 
tion to provide a desired consistency or stabilizing effect. 
30 [0030] The term "organic solvent" as used herein is intended to mean any solvent containing carbon compounds. 
Exemplary organic solvents include methylene chloride, ethyl acetate, dimethyl sulfoxide, tetrahydrofuran, dimethylfor- 
mamide, and ethanol. 

[0031] "Treating" a polypeptide with an organic solvent as used herein refers to mixing a dry polypeptide with an 
organic solvent, or making an emulsion of a polypeptide in an aqueous formulation with an organic solvent, creating an 
35 interface between a polypeptide in an aqueous formulation with an organic solvent, or extracting a polypeptide from an 
aqueous formulation with an organic solvent. 

[0032] "Polypeptide" as used herein refers generally to peptides and proteins having more than about 10 amino 
acids. 

40 B. GENERAL METHODS 

[0033] In general, both aqueous formulations and dry polypeptides may be admixed with an excipient to provide a 
stabilizing effect before treatment with an organic solvent. An aqueous formulation of a polypeptide may be a polypep- 
tide in suspension or In solution. Typically an aqueous formulation of the excipient will be added to an aqueous formu- 
45 latlon of the polypeptide, although a dry excipient may be added, and vice-versa. An aqueous formulation of a 
polypeptide and an excipient may be also dried by lyophilizatlon or other means. Such dried formulations may be recon- 
stituted Into aqueous formulations before treatment with an organic solvent. 

[0034] Typically, the mass ratio of trehalose to polypeptide will be 100:1 to 1:100, preferably 1:1 to 1:10. more pref- 
erably 1:3 to 1:4. Optimal ratios are chosen on the basis of an excipient concentration which allows maximum solubility 

50 of polypeptide with minimum denaturatlon of the polypeptide. 

[0035] The formulations of the instant invention may contain a preservative, a buffer or buffers, multiple excipients, 
such as polyethylene glycol (PEG) in addition to trehalose or a nonionic surfactant such as Tween® surfactant. Non- 
ionic surfactants include a polysorbate, such as polysorbate 20 or 80, etc., and the poloxamers, such as poloxamer 184 
or 188, Pluronic® polyols, and other ethylene/polypropylene block polymers, etc. Amounts effective to provide a stable, 

55 aqueous formulation will be used, usually in the range of from about 0.1%(w/v) to about 30%(w/v). 

[0036] Buffers include phosphate, Tris, citrate, succinate, acetate, or histidine buffers. Most advantageously, the 
buffer is in the range of about 2 mM to about 100 mM. Prefen-ed buffers Include sodium succinate and potassium phos- 
phate buffers. 
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[0037] Preservatives include phenol, benzyl alcohol, metacresol, methyl paraben. propyl paraben. benzalconium 
chloride, and benzethonium chloride. The prefenred preservaUves are 0.2-0.4%(w/v) phenol and 0.7-1 %(w/v) benzyl 
alcohol, although the type of preservative and the concentration range are not critical. 

[0038] In general, the formulations of the subject invention may contain other components in amounts not detract- 
5 ing from the preparation of stable forms and in amounts suitable for effective, safe pharmaceutical administration. For 
example, other pharmaceutically acceptable excipients well known to those skilled in the art may form a part of the sub- 
ject compositions. These include, for example, various bulking agents, additional buffering agents, chelating agents, 
antioxidants, cosolvents and the like; specific examples of these could include trihydroxymethylamine salts ("Tris 
buffer"), and disodium edetate. 

10 [0039] Polypeptides of interest include glycosylated and unglycosylated polypeptides, such as growth hormone, the 
interferons, and viral proteins such as HIV protease and gp120. 

[0040] The stabilized polypeptide of the instant invention may be formulated for sustained release, especially as 
exposure to organic solvents is a common step in many of such preparations. Suitable examples of sustained-release 
preparations include semipermeable matrices of solid hydrophobic polymers containing the polypeptide, which matri- 

15 ces are in the form of shaped articles, e.g. films, or microcapsules. Examples of sustained-release matrices include pol- 
yesters, hydrogels [e.g., poly(2-hydroxyethylmethacrylate) as described by Langer, et al., J. Biomed, Mater. Res., 
15:167-277 (1981) and Langer, Chem. Tech., 12:98-105 (1982) or poly(vinylalcohol)l, polylacUdes (U.S. Pat No. 
3.773,919, EP 58.481), copolymers of L-glutamic acid and gamma ethyl-L-glutamate (Sidman. et at., Biopolymers, 
22:547-556 [1983]). non-degradable ethylene-vinyl acetate (Langer. ef a/., supra), degradable lactic acid-glycolic acid 

20 copolymers such as the Lupron Depot^" (injectable microspheres composed of lactic acid-glycolic acid copolymer and 
leuprolide acetate), and poly-D-(-)-3-hydroxybutyric add (EP 133.988). While polymers such as ethylene-vinyl acetate 
and lactic acid-glycolic add enable release of molecules for over 100 days, certain hydrogels release polypeptides for 
shorter time periods. When encapsulated polypeptides remain in the body for a long time, they may denature or aggre- 
gate as a result of exposure to moisture at 37**C. resulting in a loss of biological activity and possible changes in immu- 

25 nogenicity. Rational strategies can be devised for polypeptide stabilization depending on the mechanism involved. For 
example, if the aggregation mechanism is discovered to be intermolecular S-S bond formation through thio-disulfide 
interchange, stabilization may be achieved by modifying sulfhydryl residues, lyophilizing from acidic solutions, control- 
ling moisture content, using appropriate additives, and developing spedfic polymer matrix compositions. 
[0041] Sustained-release ligand analogs or antibody compositions also include liposomally entrapped polypep- 

30 tides. Liposomes containing polypeptides are prepared by methods known perse: DE 3,218,121; Epstein, ef a/., Proc. 
Natl. Acad. Sci. USA, 82:3688-3692 (1985); Hwang, ef a/., Proc. Natl. Acad. Set. USA, 77:4030^034 (1980); EP 
52,322; EP 36,676; EP 88,046; EP 143,949; EP 142.641; Japanese patent application 83-118008; U.S. Pat. No. 
4,485,045 and U.S. Pat. No. 4.544.545; and EP 1 02.324, Ordinarily the liposomes are of the small (about 200-800 Ang- 
stroms) unilamelar type in which the lipid content is greater than about 30 mol. % cholesterol, the selected proportion 

35 being adjusted for the optimal ligand analogs therapy Liposomes with enhanced circulation time are disdosed in U.S. 
Pat. No. 5,013.556. 

EXPERIMENTAL EXAMPLES 

40 EXAMPLE I. 

Stabilization of Aoueous Formulations 

[0042] Recombinant human growth hormone (hGH) and recombinant human gamma-interferon (hlFN-y) were for- 
45 mulated with various exdpients for analysis of the excipient effects on stabilization in the organic solvent, methylene 
chloride. Optimal formulations were generally those that yielded the maximum soluble polypeptide concentration and 
the greatest recovery of native polypeptide after treatment with methylene chloride. The maximum solubility of hGH in 
each solution was determined through the continuous addition of hGH lyophilized in ammonium bicarbonate buffer to 
the solution and the solubility limit was defined as the concentration at which addition of polypeptide resulted in precip- 
50 itation. The maximum solubility of hlFN-y was measured by adding a concentrated stock solution (264 mg/ml hlFN-7, 1 0 
mM Na succinate. pH 5; to concentrated exdpient solutions. The apparent solubility limit of hlFN-y was not observed 
for any of the formulations at these conditions, but long term storage of the stock solution did result in predpitation as 
the result of a pH increase (final solution, pH 6). Both polypeptide formulations were tested for stability in methylene 
chloride by addition of 100 \i\ of the polypeptide solution to 1 ml of methylene chloride. The mixture was then sonicated 
55 for 30 sec. After sonication, the polypeptide was extracted from the organic phase by dilution into 50 m! of excipient-free 
buffer (50 mM phosphate buffer, pH 8 for hGH; 10 mM succinate buffer, pH 5 for hlFN-y). The amount of soluble 
polypeptide recovered was determined by ultraviolet absorbance measurements and the amount of monomeric 
polypeptide was assessed by size exdusion chromatography 
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[0043] Both polypeptides were tested for stability with trehalose, mannitol, cartx)xymethylcelIulose (CMC), Tween® 
20 surfactant, dextran, gelatin, and polyethylene glycol. Previous studies with hGH indicated that formulations contain- 
ing an equal mass ratio of polypeptide and mannitol stabilized the polypeptide from denaturatlon and provided a maxi- 
mum soluble polypeptide concentration of 200 mg/ml (100 mM phosphate. 200 mg/ml mannitol, pH 8). Trehalose 
formulations containing mass ratios of exciplent to polypeptide of 1:4 and 1:3 yielded the highest concentration of sol- 
uble polypeptide. 400 mg/ml and 300 mg/ml, respectively In addition, when the lyophilized polypeptide in these formu- 
lations was treated with methylene chloride, complete recovery of soluble monomeric hGH was achieved. hGH 
formulations containing mannitol or mannitol with PEG resulted In similar recovery of monomeric hGH, but the mass 
ratio (excipient/polypeptide) required to prevent denaturation was greater than that of the trehalose formulations (man- 
nitol: 1:1; mannitol/PEG 1:1 or 1:2; trehalose: 1:3 or 1:4) (Table I). Therefore, trehalose provided high hGH solubility and 
protection from denaturation in methylene chloride at a lower mass concentration. In the absence of excipients, the sol- 
ubility of hGH was much lower (about 106 mg/ml) and the polypeptide was more susceptible to denaturation. 



Table I 



Methylene chloride testing of aqueous hGH formulations. 


Formulation^ 


Soluble Monomer 
Recovered** (mg/ml) 


Maximum Solubility^ 
(mg/ml) 


100 mg/ml PEG (3350 MW) 


12.2 


96.4 


50 mg/ml PEG 


34.7 


89.6 


10 mg/ml PEG 


37.2 


128.3 


100 mg/ml Mannitol 


66.0 


98.0 


50 mg/ml Mannitol 


46.2 


106 


10 mg/ml Mannitol 


56.0 


106 


100 mg/ml Dextran 70 


34.6 


112.6 


50 mg/ml Dextran 70 


64.6 


146.1 


10 mg/ml Dextran 70 


38.4 


167.1 


2% CMC 


44.7 


91.9 


1 00 mg/ml Trehalose 


113.9 


267.3 


50 mg/ml Trehalose 


82.8 


275 


1 0 mg/ml Trehalose 


92.0 


267.3 


4 mg/ml PEG (3350 MW), 96 mg/ml Mannitol 


102.6 


243.7 


10 mg/ml PEG (3350 MW), 90 mg/ml Mannitol 


104.0 


184 


20 mg/ml PEG (3350 MW) 80 mg/ml Mannitol 


139.9 


240 


2% Gelatin 


21.9 


70.5 


100 mg/ml PEG (1000 MW) 


69.2 


131.5 


50 mg/ml PEG 


84.3 


246.5 


10 mg/ml PEG 


126.5 


226.3 


4 mg/ml PEG (1000 MW) 96 mg/ml Trehalose 


122,3 


230.3 


10 mg/ml PEG (1000 MW) 90 mg/ml Trehalose 


58.4 


218.7 


20 mg/mt PEG (1000 MW) 80 mg/ml Trehalose 


75.3 


207.5 


No excipient 


65.0 


106.3 



^ M\ solutions contained 10 mM NaP04, pH 8. 

Polypeptide extracted out of methylene chloride (fraction of total) as determined by absorbance at 278 nm 
multiplied by the fraction of monomer recovered from SEC-HPLC. Polypeptide treated at maximum solubility. 

Maximum solubility was defined as the maximum amount of unformulated hGH that would dissolve in each 
buffer. 
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[0044] For studies with hlFN-y, both mannitol and trehalose were the best excipients tested. When mannitol was 
used at a mass ratio (excipient/polypeptide) of 1 :3. the amount of soluble dimer in solution (as determined by size exclu- 
sion chromatography) after methylene chloride treatment was equivalent to the amount in the starting material. How- 
ever, the mannitol formulaUons yielded less than 60% recovery of total soluble polypeptide. In contrast, the trehalose 
formulation with a mass raUo of 1 :2.5 gave an 80% recovery of total soluble polypeptide and the same fraction of soluble 
dimer (as determined by size exclusion chromatography, denoted naUve SEC-HPLC) as the starting material (Table II). 
Excipient-free polypepUde formulations treated with methylene chloride retained 10% of the initial soluble dimer (as 
determined by native SEC-HPLC) after methylene chloride treatment and the total soluble polypeptide recovery was 
less than 60%. When assayed by size exclusion chromatography in 0.2M NaP04/0.r/o SDS at pH 6.8 (denoted SDS 
SEC-HPLC). all formulations were greater than 99% monomer before and after methylene chloride treatment. 
[0045] For both polypeptides, a dramaUcally lower recovery of monomeric polypeptide was observed after methyl- 
ene chloride treatment for alt formulations containing Tween® 20 surfactant. Although other surfactants have not been 
studied, it is likely that hydrophobic molecules such as Tween® 20 surfactant stabilize the denatured polypeptides while 
sugars such as mannitol and trehalose stabilize the native polypeptide. 



Table II 



Methylene chloride testing of aqueous hlFN-y formulations 


Formulation® 


% Soluble Polypeptide 
Recovered^ 


% Intact Dimer* 


Soluble Dimer° 


0.01% Tween® 20* 


36.1 


49.0 


11.1 


0.01% Tween® 20 * 62 mg/ml Mannitol 


59.0 


69.0 


25.6 


5 mg/ml Mannitol 


58.3 


72.7 


56.8 


50 mg/ml Mannitol 


62.9 


83.4 


70.3 


5 mg/ml Trehalose 


117 


34.2 


53.6 


50 mg/ml Trehalose 


75.6 


61.3 


62.1 


1%CMC 


78.2 


62.5 


65.5 


No excipient 


51.6 


6.0 


7.9 



20 



25 



30 



35 



40 



^ All solutions with excipient contained 134 mg/ml hlFN-y.lO mM sodium succinate, pH 5; "no excipient" formulation 
contained 256.3 mg/ml protein, 10 mM sodium succinate, pH 5.0. 

Polypeptide extracted out of methylene chloride (fraction of total) as determined by absorbance at 280 nm. 
^ Amount of intact dimer measured by SEC-HPLC native method. M formulations yielded >99% monomer when 
assayed by the SEC-HPLC SDS method. 

** Soluble dimer concentration (mg/mt) based on the amount of soluble polypeptide recovered and the fraction of . 
dimer (native SEC-HPLC method). 

* Polypeptide concentration in these formulations was 62.8 mg/ml. 



Example II 

45 Stabilization of Drv and Aoueous For mulations for Encapsulation 

[0046] In the development of a long acting formulation for recombinant human growth hormone the use of a biode- 
gradable polymeric matrix for sustained release of hGH was investigated. The polymer used for this application was a 
copolymer of lactic and glycolic acids which is often refen-ed to as poly(lactic/glycoiic acid) or PLGA. To incorporate 

50 hGH into this polymer, the PLGA must be dissolved in a water immiscible solvent. The most commonly used solvent for 
dissolution of PLGA has been methylene chloride which provides both water immiscibility and PLGA solubility. 
[0047] In general, for production of hGH-PLGA microspheres, the polypeptide was added to a solution of methylene 
chloride containing PLGA. In initial studies, the polypeptide was added in the form of a milled lyophilized powder. After 
polypeptide addition, the methylene chloride solution was then briefly homogenized and the solution was added to an 

55 emulsification bath. This process resulted in the extraction of methylene chloride with the concomitant formation of 
PLGA microspheres containing hGH. The polypeptide released from these microspheres was then studied to deter- 
mine the integrity of hGH after incorporation into the microspheres. Assessment of released hGH was performed by 
analytical size exclusion chromatography (SEC-HPLC) as well as other techniques. Size exclusion chromatography 
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indicated that hGH was released from the PLGA microspheres in the form of the naUve monomer, aggregates, and an 
unknown structure which eluted between the monomer and dimer. The unknown polypeptide structure has been exten- 
sively studied and has been shown to be a conformational variant of hGH. In addition, the same aggregates and con- 
formational variant can be obtained by treatment of hGH with methylene chloride. Thus, the use of methylene chloride 
in the process may cause denaturation and aggregation of hGH. 

[0048] The release of monomeric naUve hGH from the PLGA microspheres is required for a successful long acUng 
formulation. Previous studies investigated several organic solvents as alternatives to methylene chloride. This research 
indicated that hGH was susceptible to damage by several organic solvents. Since methylene chloride provided the 
desired solvent properties (i.e. water immiscibility, PLGA dissolution, etc.) for PLGA microsphere production and other 
solvents did not significantly improve hGH stability, methylene chloride was chosen for the production of the PLGA 
miaospheres. The polypeptide used for the solvent study and in the PLGA production process was formulated and 
lyophilized In ammonium bicarbonate buffer at pH 7. Therefore, this study was performed to develop formulations which 
would stabilize hGH during the production of the PLGA microspheres. 



15 A. Methods 



1. Preparation of hGH Formulations 

[0049] For development of a methylene chloride stable formulation. hGH lyophilized in ammonium bicarbonate was 
20 reconstituted in the desired buffer and allowed to dissolve. Undissolved polypeptide was removed by centrifugation at 
13.000 rpmfor 1 min. 

[0050] For each lyophilization. indicated below, the hGH concentration was 10 mg/ml. The residual morsture of 
these formulations was not determined, but the same lyophilization cycle was used in each case. 
[0051] Milling of lyophilized protein was performed with a pressure driven impaction mill and resulted in a fine par- 
25 ticulate of hGH. 



9 MPth ylftnP Chloride Testino of hGH Formula tions 

[0052] The effect of methylene chloride on hGH stability was determined by adding hGH to a solution of methylene 
30 chloride. For solid hGH conditions, the ratio of polypeptide mass (mg) to volume of organic solvent (ml) was 40 mg/ml. 
For the aqueous hGH conditions, 100 \i\ of hGH in a buffered solution was added to 1.0 ml of methylene chforide to 
assess the effects of each buffer system on stabilization of hGH in methylene chloride. After polypeptide addition, the 
samples were sonicated for 30 seconds in a 47 kHz bath sonicator (Cole Parmer, Model 08849-00) to simulate the 
homogenization step in the microsphere production process. If the formulation stabilized hGH against denaturation in 
35 this test, it was further assessed by homogenization in methylene chloride. After sonication or homogenization, the 
polypeptide was extracted from the methylene chloride by dilution Into a 50 fold excess of 5 mM NaHP04. pH 8. The 
amount and quality of the polypeptide extracted in this step was determined by polypeptide concentration measure- 
ments (absorbance at 278 nm) and size exclusion HPLC (SEC-HPLC). The preferred stable formulation was one that 
yielded the maximum recovery of monomeric polypeptide wttiiout the formation of conformational variants or aggre- 
40 gates larger than dimers. 



B. Results 



45 



50 



55 



1 Pynipift pt Studies of hfiH Stabilization 

[0053] Initial studies of hGH lyophilized in ammonium bicarbonate investigated the solubility of the polypeptide in 
different buffers at various pH conditions. From these studies, it was determined that hGH had the maximum stability 
and solubility in phosphate buffer (5-10 mM) at pH 8. and thus additional studies were performed with hGH in this 

buffer. . « A 

[0054] Initial attempts to prevent aggregation of hGH utilized Tween® 80 surfactant in the formulation buffer. As 
shown in Table 111. methylene chloride testing of these aqueous formulations indicated that low Tween® surfactant con- 
centrations (0.1% Tween® 80 surfactant) with 10 mg/ml mannitol provided good recovery of soluble monomeric 
polypeptide. However, the best results in this experiment were obtained for hGH which was formulated in 10 mg/ml 
mannitol. witiiout Tween® 80 surfactant (5 mM NaHPOn, pH 8). Higher concentrations of Tween® surfactant in the for- 
mulation'buffer resulted in increased aggregation and decreased recovery of soluble polypeptide. For each case shown 
in Table III, the formulations provided greater stabilization of hGH than the milled polypeptide which was lyophilized tn 
ammonium bicariaonate. 
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Table lit 



Methylene chloride testing of aqueous hGH formulations 








Soluble Polypeptide (Mass Fraction 


of Total) 


Formulation^ 


%Polypeptide'' 
Recovered 


% Area*^ Recov- 
ery 


% Trimer 


% Dimer 


% Intermediate 


% Monomer 


1%Tween® 80 


85.7 


90.0 


0.5 


3.4 


1.1 


94.9 


0.1%Tween® 
80 


70.9 


98.3 


2.0 


3.6 


1.8 


92.6 


1%Tween® 80 

10 mg/ml Manni- 
tol 


65.0 


97.8 


3.3 


3.4 


3.4 


90.0 


0.1%Tween® 
80 

10 iTiQ/nil Manni- 
tol 


70.9 


98.3 


0.0 


2.2 


0.0 


97.8 


10 mg/ml PEG 
(3350 MW) 


97.6 


101.1 


0.0 


2.6 


0.0 


97.4 


10 mg/ml PEG 

10 mg/ml Manni- 
tol 


76.4 


97.7 


1.7 


2.8 


1.6 


93.9 


5 mM NaP04. 
pH8 


55.3 


99.4 


0.0 


3.2 


0.0 


96.8 


5 mM NaP04. 
pH8 

10 mg/ml Manni- 
tol 


91.7 


99.8 


0.0 


1.8 


0.0 


98.2 



^ All solutions contain 5 mM NaP04, pH 8 

Polypeptide extracted out of methylene chloride (fraction of total) as determined by absorbance at 278 nm, 
^ SEC-HPLC results for polypeptide extracted into buffer after methylene chloride treatment 



[0055] Methylene chloride testing of solid hGH formulations are shown in Table IV. These results indicated that the 
formulation which best stabilized the protein was 5 mM KPO4. 2.5 mg/ml trehalose. 
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Table IV 





Methylene chloride testing of solid rhGH formulations 


5 








Soluble Protein (Mass Fraction of Total) 




Formulation^ 


% Protein*' 
Recovered 


% Area*^ Recov- 
ery 


% Trimer 


% Dimer 


% Intermediate 


% Monomer 




Milled Solids 




10 


NH4CO3 


44.5 


85.4 


7.5 


5.9 


7.3 


79.2 




5 mM NaP04. 


85.7 


100. 


0.0 


2.1 


0.0 


97.8 




pH8 














15 


5 mM NaP04, 
pHB 

10 mg/ml Man- 
nitot 


87.6 


100. 


0.0 


3.0 


0.0 


97.0 


20 


Homogenized Solids'' 






5 mM KPO4, 


97.3 


100. 


0.0 


2.2 


0.0 


97.8 




pH 8. 














25 


2.5 mg/ml Tre- 
halose 
















5 mM NaP04, 


96.8 


100. 


0.0 


2.0 


0.0 


98.0 




pH8 














30 


10 mg/ml Man- 
nitol 
















0.3 M Na Succi- 
nate, 


94.3 


100. 


0.0 


4.2 


0.0 


95.8 


35 


10 mg/ml Man- 
nitol, 

pH7 















® All samples lyophiiized at 10 mg/mi rhGH with buffer and exdpients as shown. 

** Protein extracted out of methylene chloride (fraction of total) as determined by absorbance at 278 nm. 

^ SEC-HPLC results for protein extracted into buffer after methylene chloride treatment. 

^ Solid lyophiiized formulations were homogenized in methylene chloride at 25,000 rpm for 1 min. 



[0056] Further studies were performed to determine whether a surfactant could stabilize the methylene chloride- 
45 polypeptide interface. Thus, Tween® surfactant was added to the methylene chloride phase and mixed with solid hGH 
(KPO4, pH 8). The addition of Tween® surfactant to the methylene chloride phase did not improve the stability of the 
solid hGH (KPO4. pH 8) as shown in Table V. In addition, the use of the surfactant, Span® 80 surfactant, in the methyl- 
ene chloride phase did not improve the stability of the solid hGH (KPO4, pH 8). Further attempts with Tween® surfactant 
in the methylene chloride phase were unsuccessful for the more stable solid hGH formulation (Mannitol, KPO4, pH 8). 
50 These results along with the aqueous studies indicated that Tween® surfactant is preferably not used with these formu- 
lations since it promotes aggregation and decreases the solubility of methylene chloride treated hGH. 
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Table V 



Effect of Tween® surfactant in the methylene chloride phase on solid hGH stability 








Soluble Polypeptide (Mass Fraction of Total) 


Tween® in 
MeCl2 


% Polypeptide^ 
Recovered 


% Area** Recov- 
ery 


% Trimer 


% Dimer 


% Intermediate 


% Monomer 


0.01%Tween® 
80 


40.8 


98.7 


5.2 


13.0 


0.0 


81.8 


0,1% Tween® 80 


40.8 


102.9 


8.0 


14.0 


0.0 


77.9 


1 % Tween® 80 


53.8 


97.3 


7.0 


11.6 


0.0 


81.4 



^ Polypeptide extracted out of methylene chloride (fraction of total) as determined by absorbance at 278 nm. 
SEC-HPLC results for polypeptide extracted into buffer after methylene chloride treatment 



[0057] To increase the amount of polypeptide loaded into the microspheres, the amount of excipient should be min- 
imized. Therefore, lower concentrations of mannitol (2 and 5 mg/ml) with 10 mg/ml hGH were used in the formulation 

20 buffer (10 mM NaHP04. pH 8) and the aqueous solutions were tested for methylene chloride stability. These mannitol 
concentrations yielded 20% less soluble monomer than the 10 mg/ml mannitol formulation. Significant reductions In the 
mannitol concentration would sacrifice the quality of the released polypeptide. Alternative exciplents at lower concen- 
trations were also attempted. Carboxymethylcellulose (CMC) at 0.5. 2, and 5 mg/ml was used in the aqueous formula- 
tion (10 mg/ml hGH, 10 mM NaHP04, pH 8). CMC at 0.5 mg/ml provided the same fraction of soluble monomer as the 

25 10 mg/ml mannitol formulation, but the amount of polypeptide recovered in the aqueous phase was 15% lower. Equal 
mass mixtures of CMC and mannitol (1 mg/ml and 2.5 mg/ml of each) were also attempted to provide stability at lower 
excipient concentrations. The use of 2.5 mg/ml of each excipient provided comparable results to the 10 mg/ml mannitol 
formulation. The 0.5 mg/ml CMC and 2.5 mg/ml each of CMC and mannitol formulations were therefore lyophilized to 
assess their use for microencapsulation. 

30 [0058] To assess formulations for use in the aqueous form, each lyophilized material was reconstituted to the max- 
imum solubility which was defined as the polypeptide concentration where additional polypeptide would not dissolve in 
the solution. The maximum concentration of hGH in this experiment was achieved with the formulation lyophilized in 10 
mg/ml mannitol. This formulation was successfully reconstituted with 5 mM NaHP04 buffer, pH 8 to 200 mg/ml of hGH 
(200 mg/ml mannitol, 100 mM KPO4) without precipitation of the polypeptide. The formulation without excipients (KPO4, 

35 pH 8) provided the second best solubility at 165 mg/ml of hGH. However, attempts to reconstitute the CMC and 
CMC/mannitol formulations at high polypeptide concentrations were not successful. In both cases, the formulation 
formed a paste at concentrations greater than 100 mg/ml. Methylene chloride testing of the pastes formed from the 
CMC and CMC/mannitol formulations revealed that the amount of polypeptide recovered was significantly reduced 
(less than 75% recovery) compared to the mannitol formulation, but the soluble fraction was greater than 95% mono- 

40 mer. Since a gel-like formulation may have utility for stabilizing the inner aqueous phase in the process, another thick- 
ening agent, gelatin was also attempted. To maintain a low excipient concentration while still obtaining a gel for the final 
formulation (200 mg/ml hGH), the gelatin formulation was tested at 0.5 mg/ml gelatin, 10 mg/ml hGH, 10 mM KPO4, pH 
8. Methylene chloride testing of this formulation yielded recovery of soluble monomer which was comparable to the 1 0 
mg/ml mannitol formulation. Therefore, this formulation was also lyophilized for further analysis. Reconstitution of the 

45 lyophilized polypeptide at 200 mg/ml hGH (10 mg/ml gelatin. 100 mM KPO4, pH 8) resulted in the formation of a paste 
which had properties simitar to those of the CMC/mannitol and CMC formulations at the same hGH concentration. 

Example III 

50 Stability of rhGH Formulations in Ethvl Acetate. 

[0059] Microencapsulation of proteins in biodegradable polymers often requires the use of organic solvents to sol- 
ubilize the polymer. The polymer, typically PLGA, polylactide (PLA), or polyglycolide (PGA), is first dissolved in an 
organic solvent that is not completely miscible with water. The common organic solvents used in this process are meth- 
55 yiene chloride and ethyl acetate. These two solvents have very different physical and chemical properties. Therefore, it 
was necessary to assess the stability of rhGH formulations in both solvents, 

[0060] The testing of rhGH formulations for stability in ethyl acetate was performed by a method similar to the one 
used for the methylene chloride studies In the examples above. Solutions of rhGH at 10 mg/ml were prepared by adding 
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lyophilized solid rtiGH (ammonium bicarbonate formulation) to each formulation. As shown in Table VI. the formulations 
were prepared with 5 mM KPO4, pH 8 and contained different exdpients. PEG (3350 MW), mannitol, trehalose, and 
Tween® 20. or combinations of exdpients. Each rhGH formulation (1 00 uL) was added to 1 mL of ethyl acetate and son- 
icated for 30 sec to form an emulsion. This emulsion was then mixed with 10 mL of 5 mM KPO4, pH 8 resulting In an 

5 overall dilution of rhGH by 100 fold. The rhGH extracted Into the buffer was analyzed by size exclusion HPLC. Several 
formulations yielded greater than 100% recovery of soluble protein indicating that the amount of protein added to the 
emulsion was greater than the estimated amount (0.1 mL x 10 mg/mL = 1 mg) as the result of the accuracy In volume 
measurements. In addition, the recovery of soluble protein and the amount of monomer recovered were generally 
greater than the rhGH in the same formulation treated with methylene chloride. Overall, the recovery of soluble protein 

io was greatest for trehalose (1 & 2 mg/mL). trehalose with PEG (10 mg/mL each), mannitol with PEG (10 mg/mL each) 
and mannitol with Tween® 20 (10 mg/mL each). However, only the trehatose (1 & 2 mg/ml) and the mannitol with 
Tween® 20 (1 0 mg/mL each) also had a high monomer content (greater then 97%). The mannitol/Tween® 20 formula- 
tion does not allow adequate solubility for a double emulsion microencapsulation process and it requires a 4:1 excipient 
to protein ratio (by mass) Thus, the optimum formulation in these experiments was the 1 mg/mL trehalose formulation 

15 (1:10 excipient to protein ratio and high rhGH solubility). 



Table VI 



Ethyl acetate testing of aqueous rhGH formulations as described in the text. 


Formulation® 


Recovery^ Soluble 


Soluble Protein (Mass Fraction of Total) 






9/n La roe Aaorea 


% DImer 


% Monomer 


No excipient 


98.9 


2.3 


3.2 


94.5 


10 mg/mL PEG (3350 MW) 


99.8 


2.7 


2.3 


94.9 


5 mg/mL PEG 


108.5 


1.7 


3.0 


95.2 


2 mg/mL PEG 


107.2 


1.8 


3.8 


94.3 


10 mg/mL Mannitol 


96.6 


1.7 


3.6 


94.7 


2 mg/mL Mannitol 


86.3 


4.1 


3.8 


92.2 


10 mg/mL Trehalose 


100.1 


1.8 


4.5 


93.7 


2 mg/mL Trehalose 


119.8 


0.4 


2.0 


97.7 


1 mg/mL Trehalose 


111.1 


0.6 


2.3 


97.1 


10 mg/mL PEG (3350 MW) 10 mg/mL Tre- 
halose 


115.6 


3.8 


2.9 


93.3 


2 mg/mL PEG (3350 MW) 2 mg/mL Treha- 
lose 


93,0 


0.8 


3.1 


96.1 


1 mg/mL PEG (3350 MW) 1 mg/mL Treha- 
lose 


95.8 


4.5 


3.3 


92.2 


10 mg/mL PEG(3350 MW) 10 mg/mL Man- 
nitol 


116.3 


1.2 


2.5 


96.3 


2 mg/mL PEG (3350 MW) 2 mg/mL Manni- 
tol 


106.5 


1.7 


2.7 


95.6 


0.1% Tween® 20 10 mg/mL Mannitol 


122.8 


0.8 


1.6 


97.6 



50 a All initial test solutions contained 10 mg/mL rhGH and 5 mM KPO4, pH 8 except three of the formulations which were at 
rhGH concentrations less than 10 mg/mL (no excipient: 9.39 mg/mL; 10 mg/mL mannitol/10 mg/mL PEG: 7.84 mg/mL; 10 
mg/mL mannitol: 9.71 nr>g/mL). 

** SEC-HPLC results for protein extracted into buffer after ethyl acetate treatment. The percent recovery of soluble protein was 
defined as the ratio of the concentrations from the total peak area of the sample and the appropriate controls (same formu- 
lation) times 1 00%. The control rhGH concentration was determined by absorbance at 278 nm and the sample rhGH concen- 
tration was calculated as a 100 fold dilution of the stock material based on the dilutions used in the overall method (0.1 mL in 
1 mL E\Ac added to 10 mL buffer). 
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Example IV 

Stability of Sprav Dried rtiGH Formulations in Organic Solvents. 

5 [0061] The double emulsion technique (water-ln-oil-ln-water) for microencapsulation can only provide moderate 
loading of drug in the final product. The drug loading is limited by the solubility of the drug in water and the volume of 
aqueous drug that can be added to the polymer in organic solvent . Volumes of greater than 0.5 mL of drug per gram 
of polymer typically result in a large Initial burst of drug from the microspheres. To avoid these difficulties, a solid drug 
formulation can be used in place of the aqueous drug solution. Thus, a solid-in-oil-in-water process can be used to pro- 

10 duce microspheres with high drug loading (greater then 10%) with low to moderate initial bursts. 

[0062] The solid drug formulation used for microencapsulation must be stable in organic solvents and it must have 
a small size (1-5 ^m) relative to the microspheres (30-100 ^m) to permit high loading and low burst of the drug. For pro- 
tein formulations, one method of obtaining small dried solids is spray drying. A recent report by Mummenthaler et at., 
Pharm. Res . 11(1):12-20 (1994) describes the process of spray drying rhGH formulations. Since rhGH is easily dena- 

15 tured by surface interactions such as air-liquid interfaces, the spray drying of rhGH must be performed with surfactants 
in the rhGH formulation. However, as noted above, the presence of some surfactants can have a negative effect on the 
stability of rhGH in methylene chloride. Spray dried rtiGH formulations with different surfactants and trehalose, which 
were above observed to be the best for stabilization of the aqueous rhGH formulations, were tested for stability in meth- 
ylene chloride and ethyl acetate. 

20 [0063] Spray dried rhGH was prepared from each of the formulations listed in Table VII. These formulations were 
sprayed at 5 mL/min with an inlet temperature of 90** C, an air nozzle flow rate of 600 Uhr, and a drying air rate of 36,000 
L/hr. The spray dried rhGH was then collected from the filter and the cyclone units of the spray drier. The final solid usu- 
ally was approximately 5 ^im in diameter. 

[0064] The spray dried rhGH powder was then tested for stability by treatment with either ethyl acetate or methylene 
25 chloride. A spray dried powder mass equivalent to 10 mg of rhGH was added to 2 mL of the organic solvent in a 3 cc 
glass test tube. The suspension was next homogenized at 10,000 rpm for 30 sec with a microfine homogenization tip. 
After mixing. 20 of the homogeneous suspension was added to 980 jiL of 5 mM KPO4, pH 8 to extract out the pro- 
tein. The extracted protein concentration was determined by absorbance at 278 nm and the sample was also analyzed 
by size exclusion chromatography. As shown in Table VII, the formulation without surfactant had the greatest extent of 
30 aggregation when treated with methylene chloride. This aggregation was likely the result of the surface denaturation of 
rhGH during the drying process as previously observed for spray drying of rhGH. By adding either Tween® 20 or PEG 
(3350 MW) to the formulation, the amount of aggregation for the methylene chloride treated samples was reduced, but 
the overall recovery yield was still low and the monomer content was much less than 90%. In contrast, if the same spray 
dried rhGH formulations containing surfactant were treated with ethyl acetate, the amount of aggregation was neglible 
35 and complete recovery of monomeric riiGH was achieved. Therefore, spray dried rtiGH formulations consisting of tre- 
halose and either Tween® 20 or PEG (3350 MW) were stable in ethyl acetate but did not protect the protein from dena- 
turation in methylene chloride. 



40 



45 



50 



55 
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Table VII 



Stability of spray dried solid rtiGH formulations in methylene chloride and ethyl acetate. 








Soluble Protein 


Formulation 


% Recovery^ 
(Total) 


% Recovery'' (Sol- 
uble) 


% Large Aggreg 


% Dimers 


% Monomer 


Methylene Chloride Tests 


15mg/mL rhGH 






12.3 


8.8 


75.4 


3.75 mg/mL treha- 
lose 












10mg/ml rhGH 


56.5 


65.2 


1.9 


13.3 


78.1 


2.5 mg/mL trehalose 
0.2% Tween® 20 












10 mg/mL rhGH 


50.7 


56.7 


3.9 


12.3 


77.7 


2.5 mg/mL trehalose 












0.2% PEG (3350 
MW) 












Ethyl Acetate Tests 


10 mg/mL rhGH 


111.7 


126.8 


0.9 


0.0 


99.2 


2.5 mg/mL trehalose 
0.2% Tween® 20 












10 mg/mL rhGH 


114.3 


125.5 


1.1 


0.0 


98.9 


2.5 mg/mL trehalose 












0.2 % PEG (3350 
MW) 












5.0 mg/mL rhGH 


106.8 


110.4 


0.3 


3.0 


96.7 


1 .25 mg/mL treha- 
lose 












0.2% Tween® 20 













^ The total recovery of protein was defined as the amount of protein extracted into buffer after treatment in the organic solvent 
divided by the calculated amount of protein added to the extraction buffer (0.02 mL x 5 mg/mL). 

SEC-HPLC results for protein extracted into buffer after treatment with organic solvent. The percent recovery of soluble pro- 
tein was defined as the ratio of the concentrations from the total peak area of the sample and a reference standard times 
100%. The control and sample rhGH concentrations were determined by absorbance at 278 nm. 



Example V 

Stability of Sprav Freeze-Dried rhGH Formulations in Methylene Chloride and Ethvl Acetate. 

50 

[0065] Spray drying at high temperatures can have a detrimental effect on the protein and it produces protein par- 
ticles which are often hollow spheres (Mummenthaler et aL, Pharm. Res. 11(1):12-20 (1994). In addition, it Is difficult 
to collect the small particles (1-5 ^im) required for microencapsulation and the overall yield of these particles Is usually 
very low (less than 50%). An alternative to high temperature spray drying is spray freeze-drying. Spray freeze-drying of 
55 rhGH formulations results in a fine particles (2-3 ^m) that readily break apart into very small solids (less than 1 ^m). 
This type of solid formulation is preferred for microencapsulation in a polymer matrix since it can provide a high loading 
(able to pack more solid into 30-100 ^im microspheres) of homogeneously dispersed solid protein (reduced burst due 
to fine suspension). 
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[0066] Spray freeze-drying of rhGH was performed with the formulations listed in Table VIII. Again, a surfactant was 
required to stabilize rhGH during the spraying process but other proteins which are not easily denatured by surface 
interactions would probably not require the use of a surfactant. The spray freeze-dried rhGH was prepared by pumping 
the formulation at 5 mL/min and operating the air nozzle at 600 LThr as used for high temperature spray drying (Mum- 

5 menthaler et al., Pharm. Res. 1 1 (1 ):1 2-20 1 994). The solutions were sprayed into an open metal tray of liquid nitrogen. 
After spraying, the tray was placed in a prechilled lyophilizer set at -30** C. The liquid nitrogen was allowed to evaporate 
and the protein was then lyophilized (primary drying: -30** C, 13.33 Pa (100 mTon-), 52 hrs; secondary drying: 5** C, 
13.33 Pa (100 mTon-). 18 hrs). The final powder was then removed and placed in sealed glass vials prior to use. 
[0067] The spray freeze-dried rhGH powder was then tested for stability by treatment with ethyl acetate and meth- 

10 ylene chloride. A spray freeze-dried powder mass equivalent to 10 mg of rhGH was added to 2 mL of the organic solvent 
in a 3 cc glass test tube. The suspension was next homogenized at 10,000 rpm for 30 sec with a miaofine homogeni- 
zation tip. After mixing, 20 of the homogeneous suspension was added to 980 \iL of 5 mM KPO4, pH 8 to extract out 
the protein. The extracted protein concentration was determined by absorbance at 278 nm and the sample was also 
analyzed by size exclusion chromatography. As shown in Table VIII, the spray freeze-dried formulation containing PEG 

15 was more stable in methylene chloride than the formulation containing Tween® 20 as observed above with the aqueous 
formulations. However, both formulations did not yield high recovery of monomeric rhGH. When these same formula- 
tions were treated with ethyl acetate, complete recovery of monomeric protein was achieved with both formulations. The 
trehalose in the formulations provided stabilization against organic solvent denaturation (ethyl acetate) while the sur- 
factants stabilized the protein against surface denaturation during spray freeze-drying. Thus, spray freeze dried formu- 

20 lations containing both trehalose and a surfactant will yield complete recovery of rhGH from ethyl acetate. 



Table VI 11 



25 


Stability of spray freeze-dried solid rhGH formulations in methylene chloride and ethyl acetate. 








Soluble Protein 




Formulation 


% Recovery^ 
(Total) 


% Recovery*' (Sol- 
uble) 


% Large Aggreg 


% Dimers 


% Monomer 


30 


Methylene Chloride Tests 




5 mg/mL rhGH 


37.2 


34.0 


6.2 


8.3 


85.5 




1 .25 mg/mL treha- 
lose 












35 


0.2% Tween® 20 














5 mg/ml rhGH 


68.8 


66.8 


2,3 


15.8 


78.8 




1.25 mg/mL treha- 
lose 












40 


0.2% PEG (3350 
MW) 














Ethyl Acetate Tests 




5 mg/mL riiGH 


94.6 


117.7 


0.5 


0.9 


98.7 


45 


1 .25 mg/mL treha- 
lose 

0.2% Tween® 20 












50 


5 mg/ml rtiGH 

1 .25 mg/mL treha- 
lose 


97.7 


104.7 


0.6 


0.0 


99.4 


55 


0.2% PEG (3350 
MW) 













^ The total recovery of protein was defined as the amount of protein extracted into buffer after treatment in the organic solvent 
divided by the calculated amount of protein added to the extraction buffer (0.02 mL x 5 mg/mL). 

SEC-HPLC results for protein extracted into buffer after treatment with organic solvent. The percent recovery of soluble pro- 
tein was defined as the ratio of the concentrations from the total peak area of the sample and a reference standard times 
100%. Control and sample rhGH concentrations were determined by absorbence at 278 nm. 
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Claims 

1. A method of stabilizing a polypeptide against denaturation when treated with an organic solvent, wherein the 
method comprises admixing the polypeptide with trehalose, to form an admixture; and treating the admixture with 

5 an organic solvent. 

2. The method of daim 1 wherein the polypeptide is dry or lyophilized. 

3. A method of formulating a polypeptide comprising 

10 

(a) admixing the polypeptide in an aqueous solution with trehalose; and 

(b) treating the polypeptide in the aqueous solution with an organic solvent. 

4. The method of claim 3, wherein the product of step (a) is dried and reconstituted In an aqueous formulation, 

15 

5. The method of claim 3 or claim 4 further comprising formulating the polypeptide for controlled release. 

6. A method of formulating a dry polypeptide for controlled release comprising 

20 (a) admixing the polypeptide with an exclpient, wherein said excipient is trehalose; and 

(b) treating the product of step (a) with an organic solvent. 

7. The method of claim 6, further comprising encapsulating the polypeptide in a polymer matrix. 

25 8. A composition for controlled release of a polypeptide comprising a polypeptide admixed with an excipient, an 
organic solvent and a polymer matrix, wherein the excipient is trehalose and the polypeptide and excipient are 
encapsulated in the polymer matrix. 

9. The composition of claim 8 wherein the polypeptide admixed with the excipient is: (i) in an aqueous formulation; (ii) 
30 dry; or (iii) lyophilized. 

10. The composition of claim 8 or claim 9 further comprising a buffer. 

11. The composition of claim 10 wherein the buffer is a phosphate or a succinate buffer. 

35 

12. The composition of any one of claims 8 to 11 further comprising a preservative. 

13. The method of claim 7 or the composition of any one of claims 8 to 10 wherein the polymer Is a polylactide. 

40 14. The method or composition of any preceding claim wherein the polypeptide Is growth hormone or gamma inter- 
feron. 

15. The method or composition of any preceding claim wherein the organic solvent is methylene chloride or ethyl ace- 
tate. 

45 

16. The method or composition of any one of the preceding claims wherein the mass ratio of trehalose to polypeptide 
Is from 100:1 to 1:100. 

17. The method or composition of claim 16 wherein the mass ratio of trehalose to polypeptide Is from 1:1 to 1:10. 

50 

18. The method or composition of claim 17 wherein the mass ratio of trehalose to polypeptide is from 1:3 to 1 :4. 
Patentanspruche 

55 1. Verfahren zum Stabilisieren elnes Polypeptids gegen Denaturierung bei Behandlung mit einem organischen 
Lasungsmittel, worin das Verfahren das Vermischen des Polypeptids mit Trehalose, um ein Gemisch zu bilden; 
sowie das Behandeln des Gemisches mit einem organischen L6sungsmittel umfasst. 
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2. Verfahren nach Anspaich 1 , worin das Polypeptid trocken cxler lyophilisiert ist. 

3. Verfahren zum Formulieren eines Polypeptids, umfassend: 

5 (a) das Vermischen des Polypeptids in einer wSssrigen LOsung mil Trehalose; und 

(b) das Behandein des Polypeptids in der wSssrigen Ldsung mit einem organischen L6sungsmittel. 

4. Verfahren nach Anspruch 3, worin das Produkt aus Schritt (a) getrocknet und in einer wSssrigen Formulierung 
rekonstituiert wird. 

10 

5. Verfahren nach Anspruch 3 oder 4, das waiters das Formulieren des Polypeptids zur gesteuerten Freisetzung 
umfasst. 

6. Verfahren zum Formulieren eines trockenen Polypeptids zur gesteuerten Freisetzung, umfassend: 

15 

(a) das Vermischen des Polypeptids mit einem Exziptenten, worin der Exziplent Trehalose ist; und 

(b) das Behandein des Produktes aus Schritt (a) mit einem organischen LOsungsmittel. 

7. Verfahren nach Anspruch 6. welters umfassend das Einkapsein des Polypeptids in einer Polymermatrix. 

20 

8. Zusammensetzung zur gesteuerten Freisetzung eines Polypeptids, umfassend ein Polypeptid im Gemisch mit 
einem Exzipienten, einem organischen LSsungsmittel und einer Polymermatrix, worin der Exzipient Trehalose ist 
und das Polypeptid und der Exzipient In der Polymermatrix eingekapselt sind. 

25 9. Zusammensetzung nach Anspruch 8, worin das Polypeptid im Gemisch mit dem Exzipienten (i) in einer wassrigen 
Formulierung voriiegt; (ii) trocken ist; oder (iii) lyophilisiert ist. 

10. Zusammensetzung nach Anspruch 8 oder 9, die weiters einen Puffer umfasst. 

30 11. Zusammensetzung nach Anspruch 10, worin der Puffer ein Phosphat- oder ein Succinatpuffer ist. 

12. Zusammensetzung nach einem der Anspruche 8 bis 11, die weiters ein Konservierungsmittel umfasst. 

13. Verfahren nach Anspruch 7 oder Zusammensetzung nach einem der Anspruche 8 bis 10, worin das Polymer ein 
35 Polylactid ist. 

14. Verfahren oder Zusammensetzung nach einem der vorangegangenen Anspruche, worin das Polypeptid Wachs- 
tumshormon oder ^-Interferon ist. 

40 15. Verfahren oder Zusammensetzung nach einem der vorangegangenen Anspruche, worin das organische Ldsungs- 
mittel Methylenchlorid oder Ethylacetat ist. 

16. Verfahren oder Zusammensetzung nach einem der vorangegangenen Anspruche, worin das Massenverhaltnis 
zwischen Trehalose und Polypeptid 100:1 bis 1:100 betrSgt. 

45 

17. Verfahren oder Zusammensetzung nach Anspruch 16, worin das MassenverhSltnis zwischen Trehalose und Poly- 
peptid 1:1 bis 1:10betragt. 

18. Verfahren oder Zusammensetzung nach Anspruch 17, worin das Massenverhaltnis zwischen Trehalose und Poly- 
50 peptid 1 :3 bis 1 :4 betrSgt. 

Revendlcations 

1. Proc6d6 pour stabiliser un polypeptide centre la d6naturation lors du Iraitement avec un solvant organique, ledit 
55 proc6d6 comprenant le m6lange du polypeptide ^ du trehalose pour former un melange, et le traitement du 

melange avec un solvant organique. 

2. Proc6d6 suivant la revendication 1 , dans lequel le polypeptide est sec ou lyophilis6. 
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3. Proc6d6 pour la formulation d'un polypeptide, comprenant 

(a) le melange du polypeptide dans une solution aqueuse avec du trehalose ; et 

(b) le traitement du polypeptide dans la solution aqueuse avec un solvant organique. 

5 

4. Proc§d6 suivant la revendication 3, dans lequel le produit de r6tape (a) est s6ch§ et reconstitu6 dans une formu- 
lation aqueuse. 

5. Proc6d6 suivant la revendication 3 ou la revendication 4, comprenant en outre la formulation du polypeptide d des 
10 fins de liberation contr6l6e. 

6. Proc6d6 pour la formulation d'un polypeptide sec destin§ d une liberation contr6l6e. comprenant 

(a) le melange du polypeptide ^ un excipient, cet excipient consistent en trehalose ; 
15 (b) le traitement du produit de I'etape (a) avec un solvant organique. 

7. Proc6d6 suivant la revendication 6. comprenant en outre Tencapsulation du polypeptide dans une matrice poly- 
m6re. 

20 8. Composition pour la liberation controiee d'un polypeptide, comprenant un polypeptide melange d un excipient, un 
solvant organique et une matrice polymere, dans laquelle I'excipient consiste en trehalose et le polypeptide et 
I'excipient sont encapsuies dans la matrice polymere. 

9. Composition suivant la revendication 8, dans laquetle le polypeptide melange d I'excipient est : (i) dans une formu- 
25 lation aqueuse ; (ii) sec ; ou (iii) lyophilise. 

10. Composition suivant la revendication 8 ou la revendication 9, comprenant en outre un tampon. 

11. Composition suivant la revendication 10, dans laquelle le tampon est un tampon au phosphate ou un tampon au 
30 succinate. 

12. Composition suivant Tune quelconque des revendications 8^11, comprenant en outre un conservateur. 

13. Precede suivant la revendication 7 ou composition suivant Tune quelconque des revendications 8^10, dans lequel 
35 le polymere est un polylactide. 

14. Procede ou composition suivant Tune quelconque des revendications precedentes, dans lequel le polypeptide con- 
siste en hormone de croissance ou gamma-interferon. 

40 15. Precede ou composition suivant Tune quelconque des revendications precedentes, dans lequel le solvant organi- 
que consiste en chlorure de methylene ou acetate d'ethyle. 

16. Precede ou composition suivant Tune quelconque des revendications precedentes, dans lequel le rapport en 
masse du trehalose au polypeptide est compris dans I'intervalle de 100:1 d 1:100, 

45 

17. Procede ou composition suivant la revendication 16, dans lequel le rapport en masse du trehalose au polypeptide 
est compris dans Tintervalle de 1:1 d 1:10. 

18. Precede ou composition suivant la revendication 17, dans lequel le rapport en masse du trehalose au polypeptide 
50 est compris dans Tintervalle de 1 :3 ^ 1 :4. 
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